This article made use of ARIMAX methodology in producing probability forecast from 
Introduction
The Sierra Leone economy is continuously being challenged by multiplicity of economic conditions which has gone for quite a long time; some of these are caused by internal macroeconomic / political economy problems, while at the same time, the influence of external factors are perpetually infiltrating into the fabrics of the economy on account of its high reliance on imported essentials or basic commodity goods and services to satisfy agents' needs. The economy has contend itself through heavy reliance on imported essential goods and services, which in effect have added pressure in terms of its non-resilience to external 1 Model Building and Analysis Section, Research Department, Bank of Sierra Leone. 2 Model Building and Analysis Section, Research Department, Bank of Sierra Leone. threats caused by shocks in global commodity prices. In a country like Sierra Leone and so too for many advanced economies, monetary policy decisions on rate fixing is mostly based on sound projections from Econometric model-based interpretations like Box-Jenkins ARIMA approach and as would be seen in this study, probabilistic outcome(s) using Fan Chart.
The failure of economic diversification can to a greater extent be blamed for pressures exerted on the economy, as the boom time in (mineral) resources exploration have not being judiciously utilised to ensure revenue received (from sales made) were plowed back into tangible investment opportunities for future generations. On the basis of this, the economy is continuously faced with the pressure of having to adjust itself to unanticipated impact of global price changes, which is and will continue to have a pass-through effect on the lives of economic agents, directly or indirectly.
Inflation Trend and other influences in Sierra Leone
Inflation is a topical issue in Sierra Leone, even from as early as in the 1970s as outlined in a research by Kallon (1994: 201) ; this study manifested inflation rise of 11% (4.6%-15.33%), still a lower rate rise when compared to the rest of the world except Asian and the Industrialised-economy average, but in the 1980s, this galloped to almost a record rate of 63%, an average rise of 47.6% between 1974-79. The situation continued to deteriorate on account of imbalances in global economic trend and more so the country's inability to selfsustain itself through diversified productive activities.
Figures 1 and 2 below shows Quarterly results for CPI and NEXR (pegged on the US$) variables in Sierra Leone from 2006Q1 to 2018Q2. Based on the trend as shown in Figure   1 , CPI (a composite of computed basket of goods and services consumed in the country) depict a continuous rise over the years, which is an attestation of the country's high reliant on the consumption of Market-led Tradable items, mostly dominated by imported goods and services, which also intensify pressure on the stability of exchange rate given the high level of demand for US$ to address the country's inability in meeting (currency) supply needs.
Both Figures 1 and 2 depict a deterministic trend pattern, particularly in the case with CPI over the stated period of time. In the case with NEXR, the rise in exchange rate (NEXR) seem to be prominent from 2015 and beyond.
In view of the introduction and description of inflation dynamics in Sierra Leone as outlined in Sections 1 and 2, the paper is set out to address the following objectives:
-To produce a model that best suit an out-of-sample forecast using ARIMAX methodology.
-Calculate the Brier Score in determining the accuracy of forecast methodology for the selected periods. The remaining parts of the paper will be divided into sections, incorporating a review of relevant literatures (Empirical and Theoretical) around the chosen methodologies, explanation of the two methodologies (ARIMAX and Brier Score), discussion of results from analysis and conclusion that focuses attention on relevant policy outcomes.
Theoretical and Empirical Review

Theoretical Review
This section addresses both theoretical and empirical practicalities of probability forecasting, more so covering areas pertaining to Time Series Econometrics and its combination with Fan Chart distribution of projected outcomes using confidence intervals.
Probability forecast is quite popular in central bank research outputs, for example the Bank of England where it is commonly used to support MPC decisions relating to rate fixing and also eliciting trends on future inflation movements (BoE, Nov. 2017; Casillas-Olvera and Bessler, 2005) .
The use of univariate Time Series analysis as produced by Box-Jenkins ARIMA methodology is quite popular and researchers are well convinced that tracking past events of the same variable normally helps in determining future outcome of events (Nosedal, 2016; Jackson et al, 2018 and Jackson. 2018) . In a similar note, the use of external regressor (exogenous variable as the name imply) is equally useful in helping researchers make intuitive judgments about influences on outcomes for variables like inflation (Kravchuk, 2017) .
In making futuristic decisions about outcome of events, researchers over the years have resorted to the use of Brier Score which gives a range of probabilities modelled on confidence intervals / bands for a normal Fan Chart (Brier, 1950; Gneiting and Ranjan, 2011) . Despite its good feature of producing a range of probability forecast confidence bands, the Brier Score is equally fraught with criticism about the accuracy of forecast outcomes, particularly as witnessed in the case with weather forecast where judgments are based on intuition of the forecaster as opposed to true probability values (Jewson, 2008) . Despite criticisms levied, the use of calculated confidence bands using Brier Score is a very helpful tool for researchers when it comes to providing advice on policy-related outcomes as conclusion can rather be focused on a range of probabilities as opposed to being too prescriptive about a single utcome.
Empirical Review
There are myriad of empirical research tasks already produced to illustrate evidence of probability forecast in practice, some of which are critical, while others are straightforward in their approach. Taylor (2008) Equally, empirical research output conducted by Tamuke et al (2018) shows the relevance of ARIMAX over ARIMA methodologies in deciding on best forecast for central bank policy decision(s) in Sierra Leone. In as much as the study did not output range of forecast bands, it was seen as a starting point for providing some level of probability outcomes when using univariate variables like CPI and its regressor, which in this case is Exchange Rate in effecting policy stance at institutions like the Bank of Sierra Leone.
In a recent empirical study conducted by Perez-Mora et al (2018), there was an indication revealing relevance of ARIMAX modelling in forecasting Spanish Energy Market Prices using competitive variables. It was suggested that model development would be able to give realistic price value of energy consumption over a range of forecasted period.
Clements and Wallis performed calibration-based analyses on MPC 1-year-ahead inflation density forecasts in which they were both in agreement about the MPC's over-estimation of future uncertainty, which then made the inflation probabilistic forecasts "Fan-out" more rapidly than normal. In their views, it was perceived that the existence of bias raised some doubts about the fact that the MPC would have placed too much emphasis on the upper ranges of the forecasted Fan Chart distribution. On a critical note, this might have been good to support effective policy actions to tighten the economy in the event of an unforeseen economic stress. Wallis (2004) also made efforts in comparing the MPC inflation forecasts with forecasts issued by the "National Institute of Economic and Social Research (NIESR)" to support their assertion of over forecasting, more on the upper band.
Methodologies for Analytical Outcomes
This is based on two approaches, the initial part of which involve the Box-Jenkins ARIMA(X) method using univariate CPI and backed with its exogenous component, which in this case is Exchange Rate, while the second is based on Probability approach of Fan Chart computation and interpretation.
Box-Jenkins Methodology
With reference to a study on ARIMA(X) conducted by Tamuke et al (2018) , the use of a univariate methodology such as Box-Jenkins technique is greatly applauded as it provide a means through which a variable is able to track occurrences of itself over given period of time as illustrate below.
Where, Yt is the original series, for every t, we assume that is independent of Where X's are regressor variables and β's are the coefficients of regressor variable.
The Brier Score
In moving on with assurances about forecasting outcomes (where probability outcomes are to be considered for the benefit of effective policy prescription), the use of Brier Score probability confidence band can be applied. A Brier Core can be used to confirm the accuracy of a probability forecast; in this case, the specificity of an event, for example a 90% probability confidence indicating inflation rising or falling over the next 12 period in Sierra
Leone. The Brier score is mostly useful for "Binary Outcomes" and in which cases, there are two possible events -"Inflation falling" or "inflation rising", or even applied to categorical outcomes, with the possibility of structures being set up as binary outcomes, and in this case, a "true" or "false" situation.
The probabilistic forecast of an event ks occurrence is denoted by f, while o is a vector defined as the outcome of index for event k. In the event that k occurs, o=1; While at the same time, if event k does not occur, k = 0. The Brier Score (BS) for a single forecast is here
BS ranges between 0 and 1, where a score of 0 means that the forecaster predicted the event(s) perfectly. A forecaster who performed badly gets a 1. The mean probability score or Brier Score (BS) is an average of the single-forecast version of the probability score over N, occasions indexed by t = 1…….N:
Here, the notation is the same as above. The Brier mean probability score can also be expressed for more than two-event cases.
Model Output Based on ARIMAX Methodology
The interpretation here is focused on the best model for ARIMAX methodology and followed by a production of Fan Chart distribution to illustrate possible probability outcome of future occurrences. Based on sub-section 5.1, three models have been outputted with the view of ensuring that a realistic outcome of Fan Chart is produced to support possible economic and 8 intuitive judgments about inflation dynamics in the Sierra Leone economy. In order to proceed, unit root tests were also performed on the variables to determine their stationarity level. Based on the above outcomes as summarised in Table 6 , it can be deduced that Model 3 (reference to Table 5 ) is considered the best choice for proceeding with the Fan Chart computation given its stationary condition for both the AR and MA processes [1,1,2] and most importantly, a comparatively higher value for R 2 than the other two models. In addition, the Dubbin-Watson also shows that the errors are not autocorrelated, with a near value of 2. Model 1 and Model 2 (referenced in Tables 3 and 4 ) cannot be selected due to the fact that they are positively and negatively correlated respectively, with non-stationary AR roots. 
The ARIMA[X] Model
Model Estimations
Outputs from Fan
Inflation Projection
In view of the Fan Chart produced above in Figure 3 , baseline inflation forecast for the given quarterly periods is 13.84% and gradually rising to 15.97% in 2019Q4. On a more constructive note, the lower confidence band of 90% seem to be pointing to the fact that inflation is likely to fall to a single digit mark in the year ahead as seen on the deviation from Inflation dynamics in Sierra Leone is one of a serious concern, and more so lately after 2007, with pressure mounting on the exchange rate market, which has come as a result of high demand placed by importers on the Dollar currency and a correspondingly low supply of forex by the central bank to address the issue. In a nutshell, one cannot easily ascribe blame on the central bank for not meeting the demands of economic agents, as the reality of the situation can be attributed to the political economy state, which was made it very difficult for autonomy to be granted to the central bank in executing its authority to make effective use of its monetary and financial instruments.
In view of on-going legislative enactments and also policy measures placed by both government and the central bank, for example in the area of Exchange Rate auction and also activation of the Single Treasury Accounts held at the Bank of Sierra Leone, it is possible that the lower 90% confidence band of the Fan Chart can be achieved with continuous monitoring of the situation. Moving ahead into the future, it is certainly the wish of the central bank authorities to ensure that a single digit inflation figure is achieved in the immediate future.
Continued tightness of the state of monetary policy measures and more importantly, a revival of the country's real sector to increase productivity of essential commodities like basic staple food items, for example, rice will also witness a real swing of inflation to a near single digit figure.
Continued efforts by the agricultural sector to increase productivity of essential / basic staple food items during the harvest period (that may also account for surplus in the lean period) is also likely to influence prices to a low level point, while also witnessing its gradual fall in future periods. This means that unscrupulous market agents may unlikely be able to influence prices to rise given the fact that the forces of demand and supply will be at force in the economy without direct interference of authorities on market players / agents' efforts.
On the contrary side of things, the likelihood of the upper confidence band can be made possible in the event of unfavourable policy / measures and also shocks that is attributed to the vulnerability of the country's export commodities (e.g., Iron Ore and other essential agricultural exports) which are very prone to global price shock as dictated by strong / influential global market players. In this case, future policy direction to avert such vulnerability should seek to address localised intermediary industries that are geared towards transforming raw materials (eg., Iron Ore and Rutile) into intermediary products that will eventually bring about positive returns in the economy through job creations and many more.
Based on the calculation of the Brier Score [BS = 0.3329], which revealed a high degree of forecast accuracy [value ranging between 0 and 1], it is evident that the procedure used to arrive at the calculation is quite robust. In short, the closer the value to Zero, the higher the likelihood of the forecast being considered accurate, though the peculiarity of the economy in question can be used to address variations in outcomes from forecast; this is one of the downside of the Brier Score as revealed by Jewson (2008) . In a country like Sierra Leone where shocks in the global market can easily influence outcomes of price direction, computation of a Brier Score closer to the value 1 cannot necessary be judged as being nonrobust, where effective policy measures to address situations of external influence on the economy can be made effective to avert higher level price swing.
Conclusion
The paper has provided an empirical outcome on the use of ARIMAX methodology in Despite the upward forecast trend produced, it is likely that a tightening up of relevant policy measures will likely make it possible for inflation in the future to fall, if not to as near a single
